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Degradation of Gamma Globulin Amyloid Fibrils by Serine Proteases
Jordan Welshons, Dr. Myoung E. Lee
Department of Chemistry, Winona State University, Winona, Minnesota

ABSTRACT

DISCUSSION

MATERIALS AND METHODS

The formation of amyloid-beta fibrils within the human brain has shown to be a
possible cause for Alzheimer’s disease. Amyloid fibrils can also be formed from various
non-disease causing proteins. In this study, in vitro formation of amyloid fibrils from
bovine gamma globulin and the subsequent degradation provided an exploration of
amyloid fibril properties. Two serine proteases, trypsin and pepsin were studied. The
fibril formation from bovine gamma globulin at pH 2 was monitored using thioflavin T
(ThT), which is known to bind amyloid fibril to form a complex, which gives off
fluorescence. The excitation wavelength used was 420 nm with an emission
wavelength of 482 nm. The proteases were subsequently added to the pre-formed
amyloid fibril to induce degradation. Pepsin’s properties allowed for the pH of the fibril
networks to remain at 2, while for trypsin an adjusted pH of 7 ensured that the trypsin
molecules would be active. Changes in fluorescence of the ThT-gamma globulin
amyloid complex confirmed that degradation occurred to the amyloid fibril. The rate
constant and the half-life for the degradation were calculated to compare influences
from changes in pH to that of the proteases. Final half-life calculations for degradation
of the amyloid fibril came to be 1.3 hours for pepsin, 9.2 hours for the pH change from
2 to 7, and 14 hours for trypsin. Calculations show that pepsin at pH 2 had significantly
catalyzed degradation faster than trypsin or changes in pH. Future studies will expand
the exploration of these degradation processes for amyloid-beta fibril and applications
for developing potential anti-amyloid agents.

Bovine gamma globulin, pepsin, trypsin, and ThT were purchased from Sigma Aldrich. For ThT fluorescence studies, all samples were
filter-sterilized and ThT fluorescence was monitored using a Molecular Devices SpectraMax M5 microplate reader by excitation at 440 nm
and emission at 482 nm every 5-10 minutes for 16 hours. Initial samples were composed of bovine gamma globulin with concentrations
varying from 0.24 mg/mL to 0.72 mg/mL, with ThT concentrations at 10 mg/mL (30 mM), in 50 mM acetate/ 50 mM phosphate buffer at
pH 2. Samples were incubated for a period of 2 hours before beginning protease studies. Pepsin concentration was 26 mg/mL and trypsin
concentration was 67 mg/mL. All experiments were performed in triplicates.

RESULTS
Graph 1: Fluorescence of ThT-gamma globulin amyloid fibril complex in 50
mM acetate/50 mM phosphate buffer at pH 2 with ThT concentration of
0.01 mg/mL

Graph 2: Fluorescence of graph 1 continued

The purpose of this study was to explore ways to form and degrade
gamma globulin amyloid fibrils. Monitoring fluorescence of ThT-gamma
globulin amyloid fibril complex showed that we can track the ready
formation of amyloid fibrils at pH 2 without a lag phase or seeding. ThT
fluorescence also showed the potential benefits of using proteases to
degrade amyloid fibrils. We were able to monitor the degradation of
amyloid fibrils after addition of the proteases. Degradation greatly varied
between the two serine proteases, pepsin being more effective than
trypsin due to the fact that pepsin is most active at pH 2 while trypsin is
most active at pH 7. The half-lives of degradation were calculated from
the first-order kinetics of degradation. This allowed for the degradation
catalyzed by the two serine proteases to be compared along with the
influence from pH changes used for trypsin. Pepsin had a half-life of 1.3
hours while little to no degradation was observed with trypsin with a
half-life of 14 hours. Trypsin’s effect was even less than that from the pH
change alone, which had a half-life of 9.2 hours

CONCLUSION

INTRODUCTION
Amyloid fibrils are composed of long polymer strands of proteins. In the human body, these strands are
formed from aggregated oligomeric intermediates that are continually being produced in various parts
of the human body. When these proteins continue to aggregate, it can cause conjugation often folding
into plaques, beta-sheets, or other elongated shapes dependent on the environmental composition and
the components within the fibril structures. These fibril structures form matrix networks within having
kinetic qualities that allow for specific reactions to occur more readily and to also change the flow of
many molecules throughout the human body.10 One type of influence from fibril conjugation can be
seen within the bloodstream, where conjugation of these fibril causes clots to form, but can also range
to form necessary cytoskeletal structures and movements within many cells of the human
body.7 Different orientations and types of intermediates present, such as amyloids, proteins, or
head/tail groups changes the use of these fibrils, ranging anywhere from muscle cell trafficking,
cartilage shape,4 bone marrow production,6 or structure/signaling within brain cells. The fibril networks
are continually being produced and undergoing fibrinolysis, but when a balance between these is lost,
problems can occur. If these amyloid-beta fibrils continue to form faster than they degrade within the
human body, over time this can lead to amyloidosis. Amyloidosis can cause many health problems based
on the types of amyloids present and location within the body.8 One major area where this causes
problems is within neural cells of the brain. The image below demonstrates a severe case and the
eventual distortion of a neural cell from fibrils.

Graph 3: Fluorescence of ThT-gamma globulin amyloid fibril complex after
addition of 26 mg/mL pepsin in 50 mM acetate/50 mM phosphate buffer at
pH 2

Graph 4: Natural log of graph 3

In conclusion, the experimental and collection process of data was a
success. Pepsin had the best properties for inducing degradation of
gamma globulin amyloid fibrils. pH was determined to be a factor for the
formation and degradation of these amyloid fibrils. We plan to apply the
information collected in this study to other amyloid fibrils found within
the human body.
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Graph 5: Fluorescence of ThT-gamma globulin amyloid fibril complex after
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Graph 6: Natural log of graph 5

A special thanks to Winona State University for supporting and funding
this research with the Winona State Student Research Grant and making
this all possible. An additional thanks to Dr. Myoung E. Lee, for all
collaborations and guidance of endeavors in producing this project. Also,
all assistance from other WSU students, faculty, and the chemistry
department was very much appreciated and a great experience.

REFERENCES
Figure 1: Formation of fibril Strands in a healthy
cell.2 The starting monomers are individual
molecules usually small proteins. As the
monomers begin to aggregate they form
oligomeric intermediates. When these
oligomeric intermediates conjugate they form
mature fibril strands. As these strands begin to
bend and elongate they can warp cellular
structures and properties, transforming a normal
cell (in blue) to a diseased cell (in orange).

Figure 2: Transmission electron spectroscopy of
fibril strand formation from brain cell tissues
collected from a human who had dementia. 5 Part A
shows the starting monomer molecules that the
fibrils are composed of. Part B depicts the
aggregation of these monomers into oligomeric
intermediates. Part C is the conjugation of the
oligomeric intermediates into longer strands, where
part D shows the individual thickness for one fibril
strand.

The severe problems can range anywhere from forming blood clots in capillaries of the brain, which may
lead to strokes,3 or small distortions within neural cells of the brain as shown in figure 1. The distortions
in neural cells changes cell membrane protein properties, forming toxic conditions and improper
interactions between cells, which for neural cells this disrupts cell to cell signaling leading to the
memory loss seen in Alzheimer’s disease.1,2 An in vitro formation process of these amyloid fibril will be
used to test different ways to induce degradation of amyloid fibrils with two different serine proteases,
trypsin or pepsin. Trypsin and pepsin are known to hydrolyze proteins and they will be tested for
degradation of the amyloid fibril structures. The amyloid structures are to be formed from aggregated
bovine gamma globulin. Thioflavin (ThT) is to be used as a fluorescent dye for its known qualities for
binding to fibril structures and fluorescing allowing for observation and analysis of the amyloid fibril
formation and degradation processes.9

Graph 7: Fluorescence of ThT-gamma globulin amyloid fibril complex after
addition of 50 mM acetate/ 50 mM phosphate buffer at pH 7

Graph 8: Natural log of graph 7

(1) De Ferrari and, G. V.; Inestrosa, N. C. Wnt signaling function in Alzheimer’s disease. Brain Research
Reviews, 2000, 33 (1), 1–12.
(2) Fändrich, M. Oligomeric Intermediates in Amyloid Formation: Structure Determination and
Mechanisms of Toxicity. Journal of Molecular Biology, 2012, 421 (4-5), 427-440.
(3) Kelly, J. W. Towards an understanding of amyloidogenesis. Nature Structural Biology, 2002 9 (5),
323-325.
(4) Lei, F.; Szeri, A. Z. The influence of fibril organization on the mechanical behavior of articular
cartilage. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences,
2006, 462, 3301–3322.
(5) Lu, J.-X.; Qiang, W.; Yau, W.-M.; Schwieters, C. D.; Meredith, S. C.; Tycko, R. Molecular structure of
β-amyloid Fibrils in Alzheimer’s disease brain tissue. Cell, 2013, 154 (6), 1257–1268.
(6) Niinomi, M.; Narushima, T.; Nakai, M., Eds. Advances in metallic Biomaterials: Tissues, materials
and biological reactions; Springer-Verlag Berlin and Heidelberg GmbH & Co. K: Germany, 2015.
(7) Scientist faculty, Cytoskeletal Regulation and Vesicle Trafficking. Cell Signaling Technology
https://www.cellsignal.com/contents/science-cst-pathways/cytoskeletal-regulation-and-vesicletrafficking/science-pathways-cytoskeletal (accessed Oct 7, 2016).
(8) Staff, M. C. Amyloidosis causes. Mayo Clinic. 2015. http://www.mayoclinic.org/diseasesconditions/amyloidosis/basics/causes/con-20024354 (accessed Oct 7, 2016).
(9) Sulatskaya, A. I.; Kuznetsova, I. M.; Turoverov, K. K. Interaction of Thioflavin T with Amyloid Fibrils:
Stoichiometry and affinity of dye binding, absorption spectra of bound dye. The Journal of Physical
Chemistry, 2011, 115 (39), 11519–11524.
(10) Zamolodchikov, D., & Strickland, S. A delays fibrin clot lysis by altering fibrin structure and
attenuating plasminogen binding to fibrin. Blood, 2012, 119 (14), 3342.

